Secretory expression of Lentinula edodes intracellular laccase by yeast high-cell-density system: sub-milligram production of difficult-to-express secretory protein.
While a number of heterologous expression systems have been reported for extracellular laccases, there are few for the intracellular counterparts. The Lentinula edodes intracellular laccase Lcc4 is an industrially potential enzyme with its unique substrate specificity. The heterologous production of the intracellular laccase, however, had been difficult because of its expression-dependent toxicity. We previously demonstrated that recombinant yeast cells synthesized and, interestingly, secreted Lcc4 only when they were suspended to an inducing medium in a high cell-density (J. Biosci. Bioeng., 113, 154-159, 2012). The high cell-density system was versatile and applicable to other difficult-to-express secretory proteins. Nevertheless, the system's great dependence on aeration, which was a practical obstacle to scale-up production of the enzyme and some other proteins, left the secretion pathway and enzymatic properties of the Lcc4 uncharacterized. In this report, we demonstrate a successful production of Lcc4 by applying a jar-fermentor to the high cell-density system. The elevated yield (0.6 mg L(-1)) due to the sufficient aeration allowed us to prepare and purify the enzyme to homogeneity. The enzyme had been secreted as a hyper-glycosylated protein, resulting in smear band-formations in SDS-PAGE. The amino acid sequencing analysis suggested that the N-terminal 17 residues had been recognized as a secretion signal. The recombinant enzyme showed similar enzymatic properties to the naturally occurring Lcc4. The characteristics of the scale-upped expression system, which includes helpful information for the potential users, have also been described.